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Editor: Sergi SabaterEuropean freshwater pearl mussel (Margaritifera margaritifera) populations are declining despite a growing ef-
fort to conserve them. Here we used a combination of local ecological knowledge (LEK) and field sampling to as-
sess past and current distribution and conservation status of this endangered species in Cávado and Neiva Rivers
(Portugal). We performed face-to-face interviews in both rivers and sampled the entire area where the respon-
dents confirmed the historical presence of this species. Abiotic characterization, water quality and fish diversity
were also assessed in both rivers. We found that freshwater pearl mussels are now possibly extinct in Cávado
River but almost 50% of the respondents confirm its presence in the past, especially elders that lived in villages
near its historical distribution. To the contrary, and although the species is still present in Neiva River, only
3.8% of the respondents remembered its presence in the past. In both rivers, respondents suggested pollution
as the most important explanation for the freshwater pearl mussels decline. However, nowadays both rivers
present excellent water quality and trout Salmo trutta (the freshwater pearl mussel fish host) is still abundant.
Since we identified the areas where the species was present in a recent past, this information is vital for possible
management actionswith the aim of re-introduce or increase the abundance ofM.margaritifera populations and/
or for the rehabilitation of habitats in both rivers. We also highlight the vital importance of getting LEK, mainly
from elders, in order to avoid shifting baseline syndromes and to get qualitative accurate information of past ref-
erences and/or experience with historical conditions. Results reported here reinforce concern about the conser-
vation status of freshwater pearl mussel populations in Portugal and can be used to guide future research and
management initiatives to better conserve this species.





Cávado and Neiva Rivers
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Several shortfalls can impair a comprehensive knowledge about bio-
diversity, including gaps in: taxonomy (Linnean shortfall), distribution
(Wallacean shortfall), abundance and population dynamics (Prestonian
shortfall), evolution (Darwinean shortfall), abiotic tolerances
(Hutchinsonian shortfall), traits (Raunkiaeran shortfall) and biotic in-
teractions (Eltonian shortfall) (Hortal et al., 2015). Given the increasing
human disturbance on natural ecosystems, these shortfalls can limit on-
going and future biodiversity assessments and the application of man-
agementmeasures. As so, there is a great need to overcome these short-
falls, particularly in threatened species of less studied taxonomic groups
such as freshwater mussels (Bivalvia, Unionida).
The freshwater pearl mussel Margaritifera margaritifera (Linnaeus,
1758) is listed as Critically Endangered in Europe by the IUCN
(Moorkens et al., 2017). This bivalve has its taxonomy and evolution
well studied (Lopes-Lima et al., 2018) as well as its abiotic tolerances
(Varandas et al., 2013). Particular ecological traits and biotic interac-
tions in M. margaritifera are well known since a significant amount of
knowledge exists about their peculiar life cycle (i.e. the larva, glochidia,
need a fish host to metamorphose into juveniles; Hastie and Young,
2001, 2003). Regarding distribution, abundance and population dynam-
ics it is known that this species was once one of themost abundant and
widespread aquatic invertebrates in the Holarctic, distributed from the
artic and temperate regions of western Russia to the south-western
Europe (Iberian Peninsula) and also the east coast of North America
(North of USA and Canada) (Geist, 2010). In fact, freshwater pearl mus-
sels were possibly so abundant that past reports described the species
covering the stream bottom in several layers (Israel, 1913 in Geist,
2010). However, in the last 100 years the species declined more than
90%, and even went extinct in some countries (Geist, 2010; Lopes-
Lima et al., 2017).
Although information about distribution at larger spatial scale do
exist, the problem is that for most populations there is no historical
data on abundance and population dynamics of M. margaritifera. This
situation is problematic because it may impair the implementation of
effective conservation measures by overlooking the distribution and
abundance of historical and possibly more pristine conditions. In addi-
tion, declines in biodiversity can modify people's perceptions and ac-
cording to Soga and Gaston (2018) without past references and/or
experience with historical conditions, each new generation accepts
the situation in which they are raised as being normal. This sociological
and psychological phenomenon was coined by Pauly (1995) as the
shifting baseline syndrome, when addressing the changes in fisheries
and how fishers and scientists tend to perceive fish stocks at the begin-
ning of their careers as the unaffected baseline condition. Therefore, a
species that was widespread and very abundant in the past, such as
M.margaritifera, may have experienced a large decline, butmost current
researchers, stakeholders and citizens can incorrectly presume that the
population status in recent years is the appropriate baseline. Conse-
quently, and to estimate long-term changes in populations distribution
and abundance, researchers must rely either on past evidence from
naturalist's records or use fossils and sub-fossils to determine historical
distribution (see Popejoy et al., 2018a for an example on freshwater
mussels). The problem with the historical data based on naturalist's re-
cords or based on fossils and sub-fossils is that they are rarely available
in the form of quantitative data, including for invertebrate species such
as bivalves (Alleway and Connell, 2015; Popejoy et al., 2018b). Oneway
to overcome this lack of past information is the assessment of local eco-
logical knowledge (LEK) held by citizens, especially elders (Johannes,
1998; Berkes et al., 2000, 2008). In fact, the verbal accounts of people
that live in close proximity with nature may be a useful low-cost tool
to reconstruct specific population's trends (Anadón et al., 2009; Brook
andMcLachlan, 2008; Turvey et al., 2010; Ziembicki et al., 2013). There-
fore, and in the absence of standard ecological data about past distribu-
tion and abundance or the lack of historical archival documents, localrespondents can provide important information about various ecologi-
cal aspects (e.g. Turvey et al., 2014; Pan et al., 2016).
Given this context, and at least for a small temporal framework (de-
cades), the use of interviews can be an excellent source of information
to assess people's perception about the historical and current distribu-
tion, abundance trends and main threats to a given species (Anadón
et al., 2009; Lozano-Montes et al., 2008; Dolrenry et al., 2016; Van
et al., 2020; Camino et al., 2020). This kind of information can be
complemented by written narratives and photographs, and have been
quite used in terrestrial and marine ecosystems (Brook and
McLachlan, 2008). Examples include assessments of stock declines of
important fisheries or species of high conservation concern such as
whales and turtles, aswell as to identify reference conditions for habitat
restoration, among other possibilities (McClenachan et al., 2012). How-
ever, very limited attemptswere done in freshwater ecosystems and the
few available are highly biased towards vertebrates (mainly fish) and
we are not aware of the use of LEK to assess freshwater mussel popula-
tion trends. In this study, we used LEK to reconstruct M. margaritifera
population trends in Cávado and Neiva Rivers (Portugal). Information
obtained was cross-validated with a survey to assess current distribu-
tion and abundance of freshwater pearl mussel populations, the pres-
ence of fish hosts as well as to evaluate the water quality using
macroinvertebrates. Overall, information gathered can be used in future
management actions devoted to the conservation of both populations.
2. Material and methods
2.1. Study area
The study area comprises part of the Cávado and Neiva Rivers, North
of Portugal. Both rivers are located in theMinho region that is character-
ized by an irregular terrain, with elevations that can reach approxi-
mately 1500 m, and by a compact valley system with a predominance
of deep granitic soils. The climate in both river basins reflects the prox-
imity to the Atlantic Ocean and the region is exposed to high maritime
winds, high annual precipitations (1200–2400 mm) andmild summers
with summermean temperatures ranging from 18 to 22 °C (Fraga et al.,
2014). River discharges in both rivers have high seasonal and inter-
annual variation in response to precipitation with maximum values in
winter/early spring and a subsequent reduction during summer/early
autumn, when it reaches the lowest levels.
The Cávado River has a length of 135 km with its spring located in
the Larouco Mountain in Montalegre and its mouth in Esposende. The
Cávado basin covers an area of 1600 km2, being Homem and Rabagão
Rivers the main tributaries. The study area has an extension of 25 km,
from Cabril to Montalegre villages. There are three dams (Salamonde,
Paradela and Alto Cávado) in the study area constructed for the produc-
tion of energy. The Neiva River has a length of 45 km, and is located be-
tween the Lima (north) and Cávado River (south) basins. The Neiva
basin covers a total area of 242 km2 and this river has its spring in the
Oural Mountain and its mouth in Castelo do Neiva. There are no dams
along the river, but many old weirs are present.
The river margins in both basins present riparian species like
alder (Alnus glutinosa) and ash (Fraxinus angustifolia) trees. Among
several aquatic species, we can find endemic cyprinids such as the
Iberian barbel (Luciobarbus bocagei), Northern straight-mouth nase
(Pseudochondrostoma duriense) and Northern Iberian chub
(Squalius carolitertii). Regarding the main human activities, both ba-
sins have extensive agricultural and forestry areas and minimal in-
dustrial development. Even so, the study area in the Cávado River
comprises less human disturbed habitats with a mix of primary and
secondary forests as well as pasture and croplands located in the bor-
der of the Gerês National Park. In the Neiva River, the study area is
more anthropogenically degraded and with less forest cover. In the
study areas, human population density is of 14 and 174 ind./km2 in
Cávado and Neiva Rivers, respectively.
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Since freshwater pearl mussel surveys covering the entire Por-
tuguese distribution only started in 2000 and given the long life
cycle of this species (more than 60 years; Sousa et al., 2015), the
existing data set is insufficient to establish any long-term pattern.
In order to surpass this caveat, face-to-face interviews using a
questionnaire to collect information about M. margaritifera histor-
ical and current conservation status was designed (see Supple-
mentary Material). We used face-to-face interviews as they are
usually described to be more authentic and to obtain more direct
answers (Rubin and Rubin, 2005). In addition, face-to-face inter-
views were the easiest way to target the elders in the study area
since other alternatives (postal, telephone, internet) would proba-
bly miss this key target group (White et al., 2005). The question-
naire follows a simple layout with most questions in the closed-
format requiring simple answers in order to reduce uncertainty
(White et al., 2005) and was structured in two parts: 1) social
characterization of the respondents, including demographic, social,
and educational main features, and 2) information on freshwater
pearl mussel conservation, including past and present distribution,
the importance of its conservation, main threats to its survival and
perceptions or attitudes towards conservation actions that may
halt the species decline. Questions about fish species, especially
brown trout S. trutta, were also asked given its importance for
freshwater pearl mussel conservation. A pilot survey was per-
formed using undergraduate students and university technicians
to train the volunteers/researchers that will be involved in the col-
lection of data, test the simplicity of the questions and to reduce
potential problems caused by misunderstandings of the question-
naire. Interviews were performed during May 2019 by four per-
sons (two undergraduate students and two researchers) and
conducted in Cávado and Neiva Rivers proximal villages, in a max-
imum distance of 2 km from the river banks, where people were
randomly chosen to participate. In Cávado River, interviews were
conducted in 13 small villages located in both river banks from
Cabril to Montalegre (25 km). In Neiva River interviews were con-
ducted in 11 small villages located in both river banks from Forjães
to Alheira (20 km). The duration of a single interview ranged be-
tween 15 and 20 min and after the social characterization we
showed the respondents a shell of a M. margaritifera for better
identification of the target species in question. It should be noted
that in the study areas there are no records of other freshwater
mussel species in historical or current times (Nobre, 1941; Reis,
2003; Sousa et al., 2015). All respondents were informed about
the study general aim (collecting data to understand the ecological
status of freshwater biodiversity) and were assured that data
would be anonymized; interviews were conducted only after the
participants gave verbal consent. Data collected in the survey was
analysed using general descriptive statistics. We also performed a
generalized linear model (GLM) using binomial distribution in R
software (R Development Core Team) where age and location
were used to assess a possible influence on the perception of
each respondent on the historical presence of M. margaritifera in
Cávado River. The variable location was treated as categorical (bi-
nary), considering a historical presence/absence of the species.
This statistical analysis was not possible to perform in Neiva
River as only four respondents confirm the historical (and current)
presence of this species (see Results section).
In addition to the LEK assessment, and in order to evaluate possible
distribution and abundance trends, we also used data available in Reis
(2003) comprising samplings in 2001 and 2002 and Sousa et al.
(2015) comprising samplings during August 2011.
A map containing the information about past and current (see
below) distribution of M. margaritifera in Cávado and Neiva Rivers was
developed in QGIS 2.18.26.2.3. Field surveys
In June and July 2019 we re-sample both rivers to assess the current
M. margaritifera distribution. These surveys were performed by
snorkelling by two experienced divers covering the entire area where
the respondents from the interviews (see above) confirm the historical
presence of this species. In these surveys, both divers sampled the entire
river sections continuously and only stretches in the Cávado River sub-
jected to reservoirs influencewere not surveyed. Freshwater pearlmus-
sel individuals found in the Neiva River (see Results) were counted and
measured with a Vernier calliper (0.1 mm) following the methodology
described in Sousa et al. (2020).
Abiotic data, macroinvertebrates and fish communities were
assessed in two sites in each river in May 2019. Information about
water temperature, pH, conductivity and dissolved oxygen was col-
lected using a multi-parameter probe (YSI EXO2). Macroinvertebrates
were sampled using a hand net with a mesh of 0.05 cm and a mouth
width of 25 cm. Each site corresponded to a river stretch with a total
length of 50 m and the sampling covered all type of habitats (e.g. lentic
and lotic, banks and centre of the channel, macrophytes) and sediments
(e.g. pebbles, cobbles, sand, silt, clay). In each site, 6 replicates were per-
formed with 1 m long and 0.25 m wide. The sampling net was placed
counter-current while the substratum was moved, pushing the macro-
invertebrates into the net. Organismswere stored and preserved (etha-
nol 70%) in the field to be later sorted and identified to the family level
(following Tachet et al., 2003). With this information, water quality in-
dices were determined, including the IBMWP (Iberian Biological Moni-
toring Working Party) (Alba-Tercedor and Sánchez-Ortega, 1988), the
IASPT (Iberian Average Score Per Taxa) and the %EPT (percentage of
Ephemeroptera, Plecoptera and Tricoptera families). Fish faunawas sur-
veyed by electrofishing using a portable equipment Hans Grassl ELT60II
with a pulsed DC-300-600 V generator in the same four selected sites.
Sites had a total length of 100 m and electrofishing was performed in
all type of habitats and sediments (as described above). Fisheries lasted
20 min and were performed by three experienced researchers. The
stunned fish were collected and posteriorly identified to the species
level, counted and measured with a ruler. All specimens were released
after these measurements. Fish abundance was expressed as the num-
ber of individuals in a 20-minute fishery – individuals per catch per
unit effort (ind. CPUE).
3. Results
3.1. Local ecological knowledge surveys
A total of 200 persons responded the questionnaires, being 96 in
Cávado and 104 inNeiva and a general social characterization of respon-
dents is presented in Table 1. All respondents had a very positive atti-
tude answering all questions during the interview. A percentage of
46.3% of the respondents in Cávado River remembered the presence of
M. margaritifera in the past. As for Neiva River, only 4 (3.8%) respon-
dents remembered its presence. A significant influence of the age of re-
spondents (p= .001) and location (p= .001) concerning the presence
ofM.margaritifera in Cávado Riverwas detected. Average age of respon-
dents that recognized the presence of this species was higher and live
nearer toM. margaritifera historical occurrence and there was no signif-
icant interaction between age and location (p = .291). None of the re-
spondents knew that freshwater pearl mussels are protected by law.
A very high percentage of respondents in both rivers have a very
positive attitude to the importance of M. margaritifera conservation
(89.6% in Cávado River, Fig. 1A; and 90.4% in Neiva River, Fig. 1B),
being that 7.3% and 1.9% of the respondents did not had an opinion. A
total of 97.9% and 89.4% of the respondents agreed that local municipal-
ities and/or national government should spend money on
M. margaritifera conservation, against 2.1% and 9.7% that disagree with
this possibility in Cávado and Neiva Rivers, respectively (Fig. 1A and
Table 1
General social characterization of the respondents to the questionnaire.











Primary school level 62.5 39.5
Middle school level 21.9 31.7
High school level 3.1 23.1
College level 2.1 3.8
Without 10.4 1.9
4 R. Sousa et al. / Science of the Total Environment 739 (2020) 140047B). In addition, 90.6% of the respondents in Cávado (Fig. 1A) and 65.4% in
Neiva (Fig. 1B) Rivers are willing to help (financially and/or doing some
volunteering work) freshwater pearl mussel's conservation. When
asked for the reason of the species decline, 91.7% and 75.0% of the re-
spondents referred water pollution as the main cause in Cávado and
Neiva Rivers, respectively. Other respondents referred the construction
of dams in Cávado River (8.3. %) and 25.0% in the Neiva River did notFig. 1. Percentage of answers given by the respondents to the question: 1: ‘Do you think
that the conservation of Margaritifera margaritifera is important?; 2: ‘Do you agree that
local municipalities and/or national government spend money on Margaritifera
margaritifera conservation?’ and 3: ‘Would you be willing to help (financially and/or
doing some volunteering work) to conserve Margaritifera margaritifera?’ in Cávado
(A) and Neiva (B) Rivers.advance with any possibility. When asked for the main reason to con-
serve freshwater pearl mussels, most respondents mentioned the in-
trinsic value of nature conservation given that M. margaritifera is a
native and rare species (56.8% in Cávado and 76.0% in Neiva Rivers;
Fig. 2A). In addition, respondents (20.6% in Cávado and 7.6% in Neiva)
also mention the importance of the species providing some ecosystem
services (resource as food, filtration, and cultural and tourism impor-
tance; Fig. 2A). Regarding the solutions to halt M. margaritifera decline,
most people consider the control of pollution to be the best option
(49.2% and 50.0% of the responses in Cávado and Neiva Rivers, respec-
tively) next to the increase of awareness (27.8% and 18.6% in Cávado
and Neiva Rivers, respectively) (Fig. 2B).3.2. Field surveys
Abiotic characterization in each study site is presented in Table 2.
The distribution of M. margaritifera suffered a decline in Cávado
River in the recent decades (Fig. 3A). Last records of the presence of in-
dividuals are from 2001 (3 individuals found; Reis, 2003) and after this
date, and despite surveys in 2011 (Sousa et al., 2015) and in 2019 (this
study), no freshwater pearl mussels or empty shells were recently
found. In Neiva River, M. margaritifera also suffered a decline in terms
of spatial distribution (Fig. 3B) and also in abundance. Indeed, in the sur-
vey made in 2011 (Sousa et al., 2015) a total of 21 individuals were
found but in the 2019 only 4 individuals could be detected.
Regarding the macroinvertebrate communities, a total of 1337 and
1150macroinvertebrates were sampled in Cávado and Neiva Rivers, re-
spectively (Table 2). Macroinvertebrate abundance varied between 489
(N2) and 758 (C1) individuals and taxonomic richness (number of fam-
ilies) varied between 21 (C2) and 36 (N1) (Table 2). Water quality
index IBMWP showed that all sites in Cávado and Neiva Rivers have ex-
cellent water quality since IBMWP values varied between 111 in C2 andFig. 2. Percentage of answers given by the respondents to the questions: ‘Why do you
think that the conservation of Margaritifera margaritifera is important?’ (A) and ‘What
do you think that needs to be done to haltMargaritifera margaritifera decline?’ (B).
Table 2
Abiotic characterization, macroinvertebrate diversity, water quality and fish diversity in
the sites sampled in Cávado (C1 and C2) and Neiva (N1 and N2) Rivers. N: Abundance;
S: Taxa richness; H′: Shannon-Wiener diversity index and J´: Pielou equitability index.
C1 C2 N1 N2
Abiotic characterization
pH 7.17 7.48 7.13 7.67
Temperature (°C) 13.05 12.40 14.90 14.80
Conductivity (μS/cm) 22.50 20.00 68.50 61.00
Oxygen (mg/L) 9.95 10.03 9.56 10.15
Macroinvertebrates
N 758 579 661 489
S 23 21 36 29
H′ 1.16 1.88 1.94 2.38
J' 0.37 0.62 0.55 0.71
Water quality
IBMWP 130 111 217 157
IASPT 5.42 5.29 6.03 5.41
EPT (%) 41.70 38.10 50.00 44.80
Fish
N 57 11 169 131
S 3 1 6 6
H′ 0.90 0.00 1.22 1.16
J' 0.82 0.00 0.68 1.22
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EPT percentage varied between 38.1% in C2, and 50.0% in N1 (Table 2).
Regardingfish communities,we collected a total of 68 and 300fishes
in Cávado and Neiva Rivers, respectively (Table 2). Abundance varied
between 11 (C2) and 169 (N1) ind. CPUE and taxonomic richness varied
between 1 (C2) and 6 species in both sites of Neiva River (Table 2).
Salmo trutta was present in all sites, varying between 7 (N1) and 13
(C1) ind. CPUE.
4. Discussion
In this study we used a combination of LEK and field surveys (Fig. 4)
to reconstruct the historical and current distribution of two freshwater
pearl mussel populations in the north of Portugal. To our knowledge
this is the first study showing the usefulness of LEK for freshwater
pearl mussel conservation in a systematic manner. Combining LEK and
field surveys, we found thatM. margaritiferawas widespread (and pos-
sibly very abundant) in Cávado River a few decades ago but this popu-
lation is possibly extinct nowadays. In Neiva River the species was
already rare in the past and restricted to a small area but a few individ-
uals still persist nowadays. This study emphasises the importance of
LEK, mainly from elders, since it is a source of low-cost and high quality
information to clarify the historical distribution of M. margaritifera.
4.1. Socio-ecological assessment
Respondents in both basinswere proved as a fertile groundwhere to
explore LEK onM.margaritifera. Inmost cases, respondentswere glad to
share information with researchers and some (mostly in Cávado basin)
shared a feeling of joy and emotion when the freshwater pearl mussel
shells were shown during the face-to-face interviews.
Even though freshwater pearl mussels were not found in current
surveys in Cávado River, almost half the respondents confirm its pres-
ence at least until late 1990s. This information is in accordance with
the samplingmade by Reis (2003) that confirm the presence of the spe-
cies in 2001 in the Cávado River, although only 3 individuals were
found. Many respondents believe that the decline of freshwater pearl
mussels was caused by organic pollution originated in the village of
Montalegre (the first water treatment plant was only constructed in
the 1980s). To the contrary, although the species is still present in theNeiva River, only four respondents remembered and confirmed its pres-
ence in the past. This difference in both rivers could be related to the fact
that the villages surrounding Cávado River are more rural with an age-
ing population, and people are more aware of wild species present in
their area. In addition, it may happen that the abundance of
M. margaritifera was always low in the past 4–5 decades in the Neiva
River (contrary to Cávado River, where some respondents reported
the presence of many individuals in some river stretches; for example,
one respondent said that in the late 1960s it was possible to collect a
10 L bucket of freshwater pearl mussels in 20–30 min). The decrease
of freshwater pearl mussels found in Neiva River, from 21 individuals
in 2011 (Sousa et al., 2015) to 4 in 2019 (this study) is substantial and
showed the continuous declining trend of this species in this river.
Most of respondents attribute this decline to pollution mainly caused
by agricultural activities.
Although respondents advance with pollution as the major cause of
decline in both populations, the reality is that both rivers present, now-
adays, an excellent water quality. In fact, water quality indices in both
rivers are similar to values reported for the Rabaçal and Tuela Rivers
(Nogueira, 2019) that contain the healthiest M. margaritifera popula-
tions in Portugal (Sousa et al., 2015, 2020). Also, the four sites surveyed
were characterized by the presence of heterogeneous habitats (authors
personal observation), hosting a large diversity of invertebrates and
fishes, including the host fish species S. trutta.
Respondents believed that the conservation ofM.margaritifera is im-
portant, mostly because it is a native and rare species. However, some
people also referred the ecosystem services provided by this species,
such as water purification, the possible use as a food resource, and the
fact that the species may function as an indicator of excellent water
quality. Even so, there is still little knowledge about the conservation
status of freshwater invertebrates by the locals, being that none of the
respondents knew that freshwater pearl mussels are protected by law,
and this lack of knowledge can impair the implementation of future
conservation actions.
A great difficulty faced by conservation is the lack of public support
(Courchamp et al., 2018), and this situation is possibly much more
acute in less charismatic endangered species such as aquatic inverte-
brates. Even so, the great majority of the respondents agree that the
conservation of freshwater pearl mussels is important and support the
idea that local or national government should spend financial resources
in their protection. In addition, the majority of respondents support the
idea of helping financially (or acting as volunteers) in the application of
possible management measures for freshwater pearl mussel conserva-
tion. This situation follow other studies (e.g. Lindhjem and Tuan,
2012; Diffendorfer et al., 2014); however, most of these examples are
focused on vertebrate or charismatic species and not on invertebrate
aquatic species.
The importance of face-to-face interviews is obvious (e.g. assess
habitat loss, assess population trends, identify main threats, design
proper management measures) and can be easily used for the assess-
ment of other aquatic species. In addition, these interviews confirm
once more that although the presence and abundance of some species,
including freshwater pearl mussels, of former times lives in the memo-
ries of elders, these memories did not pass to the younger generations,
showing another example of people's disconnection (especially youn-
ger generations) from nature (see Soga and Gaston, 2016). This situa-
tion was obvious in the Cávado River. In reality, several times most of
the younger respondents said that bivalves only exist at the sea and it
will be impossible to find them so far away from the coast. The use of in-
terviews illustrates that elders still have a rich heritage and their knowl-
edge should not be ignored because it offers an important
conservational perspective even in rare species such as the freshwater
pearl mussel M. margaritifera. This knowledge may be key in facing
today's challenges in the management of natural ecosystems (Lozano-
Montes et al., 2008). The shifting of ecological baselines and loss of
knowledge between generations could be one of the most important
Fig. 3.Map of the surveyed areas in Cávado (A) and Neiva (B) Rivers showing past and current distribution of Margaritifera margaritifera.
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ways appreciate the conservation efforts that must be taken in order
to protect or restore ecosystems (Turvey et al., 2010). This may be
even more acute in freshwater ecosystems and in invertebrate species,
which are usually neglected in comparison with terrestrial vertebrate
species (Clark and May, 2002; Ford et al., 2017). Therefore, is quiteimportant that information still retained by elders can be transmitted
to the younger generations and some measures should be applied in
order to share this ancient knowledge (e.g. oral session of elders in
schools, storytelling sessions, participatory theatre sessions, radio series
and video documentaries; Heras and Tàbara, 2016; Fernández-
Llamazares and Cabeza, 2018).
Fig. 4. Face-to-face interviews in Cávado (A) and Neiva (B) Rivers and typical surveyed river stretches in Cávado (C) and Neiva (D) Rivers.
7R. Sousa et al. / Science of the Total Environment 739 (2020) 140047Despite the obvious advantages of using LEK, several studies pointed
out that information collected by questionnaires does not have the sci-
entific validity of data collected directly by scientists and so there is al-
ways some uncertainty in the interpretations that can be made
(White et al., 2005; Davis and Ruddle, 2010; Van et al., 2020). Also, it
is widely known in this type of works that participants tend to answer
in the way that they think the interviewers want to hear instead of
what they really think or give exaggerated assessments of actual threats
imposed by certain species or human activities (Turvey et al., 2014). Fi-
nally, bias can be also introduced due to variation in environmental
awareness and perception between different socio-economic and cul-
tural groups present across the study area (White et al., 2005; Davis
and Ruddle, 2010). Overall, these limitations in our study should be
minimal since respondents belong to a homogeneous socio-economic
groupwith similar past or current labour activities mainly based in sub-
sistence agriculture. In addition, we believe that respondents were not
pre-dispose to answer ‘correctly’ since, for instance, most respondents
in Neiva River did not recognize the species.
4.2. Conservation implications
Given the declines in distribution and abundance ofM. margaritifera,
the development of conservation plans to recover this species are ur-
gently necessary. There are several actions that could be implemented
to conserve and restore M. margaritifera populations in Cávado and
Neiva Rivers, which include the creation of protected areas, restoration
of aquatic habitats, transferring individuals from rivers with healthy pop-
ulations, release infestedfish hosts and cultivation and restocking of juve-
niles (Preston et al., 2007; Geist, 2010; Lopes-Lima et al., 2017). Given the
excellent water quality and the presence of salmonid hosts, Cávado and
Neiva Rivers could be considered for a possible program of releasinghatchery rearedM.margaritifera. For Cávado River it would be considered
a re-introduction in its formal natural habitat and source populations
should come from themost geographically proximal populations, located
in Beça River (Douro basin) or fromLima and Salas Rivers (Lima basin). As
for Neiva River, a rehabilitation of an existing population by reproduction
in captivity and posterior release and/or release of infested trout should
be considered. The plans mentioned above should cover the historical
known distribution of M. margaritifera and give a special attention to
hydromorphological variables (see Zając et al., 2018).
5. Conclusion
In this studywe confirm that the degree of knowledge of local inhab-
itants, especially elders, must be valued and the interplay between the
ecological and social knowledge was able to identify the past and cur-
rent distribution of a rare species. This was somehow unexpected
since this kind of information provided by untrained observers is
more common on charismatic and easily identifiable species, typically
large bodied vertebrates (usually mammals or birds), and/or species
with significant socio-economic or cultural importance (Jones et al.,
2008; Turvey et al., 2014). In fact, this study showed that LEK can be
also used in freshwater invertebrates and was possibly the unique
way to assess historical distribution and get information of possible
past and ongoing environmental changes in Cávado and Neiva Rivers.
Therefore, we advocate the use of LEK as a standard low-cost tool for
the sampling of aquatic species, including freshwater mussels, particu-
larly when abundances are low and traditional samplingmethods to as-
sess past data may be impossible to apply or are very expensive to
implement. Traditionally, ecology is based in the collection of factual in-
formation but there is a growing need do include stakeholders and gen-
eral public perceptions in the conservation agenda because it will give a
8 R. Sousa et al. / Science of the Total Environment 739 (2020) 140047more holistic picture of the topic under survey and represents an oppor-
tunity for ecologists to get more involved in policy-oriented research
(White et al., 2005). When possible, these LEK assessments should be
complemented by field sampling to confirm main conclusions.
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